Background Psoriatic arthritis (PsA) and rheumatoid arthritis (RA) are both destructive arthritides but may differ substantially in their periarticular bone changes. Objectives To investigate the differences in the structural changes of periarticular bone in patients with PsA and RA by a high-resolution imaging technique designed to visualise the bone architecture. Methods 30 patients with PsA and 58 patients with RA received a μCT scan to compare structural bone changes in the metacarpophalangeal joints of the dominantly affected hand. Number, extent, form and distribution of bone erosions, osteophytes and cortical thinning were recorded. In addition, the size and depth of bone erosions and the size of osteophytes were determined.
INTRODUCTION
Rheumatoid arthritis (RA) and psoriatic arthritis (PsA) share a chronic progressive disease course with little or no chance for spontaneous regression. Structural damage is a feature of both RA and PsA and refl ects the spread of joint infl ammation to cartilage and bone, resulting in progressive damage and irreversible impairment of the joint function. Earlier studies based on radiography have suggested that the burden of structural damage in RA and PsA is comparable. 1 RA and PsA share similar pathophysiological concepts and some, but not all, of the molecular players are identical. Importantly, RA and PsA differ in the anatomical localisation of infl ammatory lesions. This is refl ected by a different pattern of joint involvement in both diseases and also by differences in the microanatomical localisation of infl ammation within a single joint. 2 3 Current concepts of RA suggest it is a primarily synovial disease. In consequence, structural damage in RA is strongly linked to synovitis and is especially prominent at those sites, where (1) the synovial membrane inserts into the juxta-articular periosteum and where (2) the insertion sites of collateral ligaments are located. In contrast, PsA is considered to be substantially different as it affects the insertion sites of the tendons. These entheses consist of fi brocartilage, which is a specialised tissue that transduces mechanical signals from tendons to bone. 4 Imaging studies by ultrasound and MRI have shown that RA and PsA affect different compartments in large joints. 5 This observation is probably true for the small joints as well, but owing to the close co-localisation of the entheses and the synovium, such distinction is diffi cult. 6 7 Importantly, enthesitis can spread to the synovium and cause secondary synovitis, which shares some features of synovitis in RA, although there are also molecular differences such as lower levels of the M1-derived monokines, tumour necrosis factor and interleukin 1. 8 In this study we tested whether the differences in joint infl ammation between RA and PsA are also refl ected by differences in structural damage. Conventional radiography clearly supports the concept that PsA is an erosive bone disease similar to RA. 2 9 Bone erosion leading to a break in the cortical lining is a typical sign for PsA. On the other hand, PsA has a bone anabolic component leading to bony spur formation. 9 10 To study this in more detail we performed a comparative study on the structural changes of periarticular bone to better defi ne the morphological differences between RA and PsA in vivo.
MATERIALS AND METHODS

Patients' characteristics
Thirty patients with PsA (15 women and 15 men) from the rheumatology outpatient clinic of the University Clinic of Erlangen were included into the study. Mean (±SD) age was 52.4 ± 13.4 years, mean (±SD) disease duration 8.6 ± 6.9 years. All patients had polyarticular PsA with involvement of the hand and fi nger joints. None of the patients showed rheumatoid factor or anti-citrullinated protein antibodies. Average 28-joint count Disease Activity Score (DAS28) was 3.49 ± 1.31, mean C-reactive protein (CRP) level was 7.92 ± 10.22 mg/l. All patients with PsA were treated with disease-modifying antirheumatic drugs, 75% of them receiving methotrexate, 7% lefl unomide and 35% tumour necrosis factor ▶ Additional data (supplementary fi gure) are published online only. To view these fi les please visit the journal online (http://ard.bmj. com).
surface area affected). Furthermore, the number of erosions and osteophytes in the MCP joints, the size and depth of bone individual erosions and the size of osteophytes were measured. All scans were scored in anonymous form by a rheumatologist.
Statistics
Number, extent, size and depth of cortical breaks, number, extent and size of osteophytes and the extent of surface changes were compared in patients with RA and PsA. Gaussian distribution was tested by Kolmogorov-Smirnov test for each item. As fi ndings were considered to be not Gaussian distributed, the Mann-Whitney U test was used for the comparison of groups. Therefore, Spearman r bivariate correlation coeffi cients were computed for cumulative erosion, osteophyte and cortical surface change scores, erosion and osteophyte frequency scores, age, disease duration, DAS28, ESR and CRP to test for coherence. Calculations were done using SPSS program version 17.0.
RESULTS
Comparative analysis of the prevalence, numbers, extent and shape of bone erosions in PsA and RA We fi rst compared bone erosions in RA and PsA. The prevalence of cortical breaks was high in both RA and PsA. Overall, 93.1% of patients with PsA showed at least one cortical break at the MCP joints 2, 3 or 4, which was even slightly higher than in RA (87.5%). In both PsA and RA erosive lesions were more commonly found at the MCP2 (82.1% and 75%, respectively) and MCP3 (85.7% and 73.3%, respectively) than the MCP4 joint (57.0% and 33.9%, respectively). The mean number of erosive lesions detected in the MCP2-4 joints did not differ between patients with PsA (6.3± 1.3) and patients with RA (6.1± 0.9) ( fi gure 1A ). Also, there was no difference in the number of blockers. All patients with PsA fulfi lled the CASPAR classification criteria for PsA. 11 The characteristics of the 58 patients with RA have been described previously. 12 Briefl y, 42 of them were female and 16 male with a mean (±SD) age of 53.8 ± 13.2 years and a mean (±SD) disease duration of 6.5 ± 7.8 years. Seventy per cent of patients showed rheumatoid factor and 75% anti-citrullinated protein antibodies. Average DAS28 was 4.08 ± 1.42, mean CRP level was 15.44 ± 28.98 mg/l. All patients with RA were treated with disease-modifying antirheumatic drugs and fulfi lled the American College of Rheumatology classifi cation criteria for RA. 13 Standard measures of disease activity such as the DAS28 score, erythrocyte sedimentation rate (ESR) and CRP level as well as rheumatoid factor and anti-cyclic citrullinated peptide antibody positivity were assessed. In addition, current treatment with disease-modifying antirheumatic drugs as well as biological agents was recorded. The study was performed in accordance with the Declaration of Helsinki. Approval from the local ethics committee and national radiation safety agency (Bundesamt für Strahlenschutz) as well as informed consent was obtained for the study.
Imaging procedures
μCT of the metacarpophalangeal (MCP) joint region of the clinically most affected hand was performed with an XtremeCT (SCANCO Medical AG, Brüttisellen, Switzerland) at a solution of 82 × 82 × 82 μm voxel size. Therefore the hand was positioned in stretched posture and padded. Scanning was performed within a region of 80 slices distal and 242 slices proximal of the surface of the metacarpal head III. Scan time was 8 min.
Evaluation of images
MCP joints of the second, third and fourth digit were evaluated for the presence and size of bone erosions as well as osteophytes in 530 two-dimensional slices. Erosions were defi ned as a juxta-articular break within the cortical shell. Osteophytes were defi ned as bony protrusions from the juxta-articular cortical shell. In addition, analysis for changes in cortical bone surface was done by performing three-dimensional (3D) reconstruction images. Bone surface structure was examined after volume rendering by the open source DICOM viewer Osirix V3.2 and by 3D reconstruction software provided by Scanco Medical AG. Both programs use a threshold-based algorithm. Constant thresholds were used for all subjects. To assess the exact localisation of erosions, osteophytes and surface changes, the frequency distribution of these lesions was assessed in four different compartments: the palmar (I), ulnar (II), dorsal (III) and radial quadrant (IV), at both the metacarpal heads and bases of fi rst phalangeal bone.
Bone erosions, osteophytes and surface changes in each joint region (metacarpal heads and phalangeal bases of the MCP2-4 joints) were scored semiquantitatively by four grades (0-3), as described previously. 12 Briefl y, grading was based on the maximum diameter of the cortical break for bone erosions (grade 0: no erosion, grade 1: erosion of <2 mm, grade 2: erosion of >2 mm, grade 3: large destruction of the joint), the maximum distance between the 'original' and new cortical lining (= maximal height) for osteophytes (grade 0: no osteophyte, grade 1: osteophyte of <1 mm, grade 2: osteophyte of >1 mm, grade 3: large and diffuse osteophytes) and the percentage of area affected by cortical surface changes (grade 0: no surface changes, grade 1: surface changes affecting <25% of surface area, grade 2: 25-50% of surface area affected, grade 3: >50% of Based on their form we could defi ne three distinct types of erosive lesions: 'U'-shaped lesions with a wide cortical break and smaller lesion ground, 'Ω'-shaped lesions with a small cortical break (bottleneck) and a large erosion underneath and 'T' (tubule)-shaped lesions representing cortical tunnels ( fi gure 2 ). 'U'-shaped erosions were typical for RA (85.7%) and much less common in PsA (39.0%), which typically showed 'Ω'-shaped lesions (68.0%). Also, 'T'-shaped lesions, which were rare in RA, were found in signifi cant numbers in PsA (35.7% in PsA vs 5.4% in RA). The fi ne distribution of erosions was substantially different between RA and PsA ( fi gure 3A,B ). Erosions in RA had a typical predilection for the radial sites of the second and third metacarpal heads. In PsA, erosions were also found at the palmar sites of the MCP2 and MCP3 joints in an almost identical number and extent and involvement of the base of the phalanges was more consistently found.
Comparative analysis of osteophytes in RA and PsA
Our previous investigations in patients with RA and healthy individuals showed that even very small bony spurs of <0.5 mm are detectable by μCT imaging. We therefore aimed to compare osteophytes in RA and PsA. Osteophytes were found in only 16% of patients with RA and in 100% of patients with PsA. In PsA, osteophytes were more common at MCP2 (82%) and MCP3 joints (86%) than at the MCP4 joints (50%). The overall mean number of osteophytes detected in the MCP2-4 joints was 11.6 ± 1.3 in PsA and much lower in patients with RA (2.1± 0.2) (p<001; fi gure 4A ). This difference was found in the MCP2 (PsA: 5.1 ± 0.6, RA: 1.1± 0.2), MCP3 (PsA: 4.7 ± 0.7, RA: 0.8 ± 0.1) and MCP4 (PsA: 1.8± 0.3, RA: 0.3± 0.07) joints.
With respect to their extent, osteophytes with a diameter of >1 mm in diameter were found in only 5% of patients with RA but 97% of patients with PsA. Semiquantitative scoring of osteophytes (grades 1-3) showed signifi cantly more severe lesions in PsA (0.26 ± 0.04) than in RA (0.11 ± 0.01; p<001) ( fi gure 4B ). This difference was based on an overall increased extent of osteo- cumulative scores of the number and extent of erosions were strongly related to the disease duration of PsA ( table 1 ) . There was no apparent relation of erosion scores with the actual disease activity as measured by CRP, ESR or DAS28 at the time of the CT scan. Erosion scores were also related to cumulative osteophyte and surface changes scores, suggesting that the different features of structural bone changes in PsA are at least in part related to each other. In contrast to bone erosions, osteophyte scores were linked to age, but not to disease duration. This was profoundly different from bone erosions and surface changes, which were also related to disease duration in PsA.
DISCUSSION
In this study we compared the structural changes of joints affected by PsA and RA by using a technique that specifi cally allows detection of the fi ne structural changes of bone. By investigating the prevalence, extent and exact localisation of periarticular bone changes in patients with PsA and RA, we found clear differences but also some important similarities between these two major infl ammatory joint diseases. Based on (1) the apparent differences among RA and PsA in conventional radiography 9 10 14 ; (2) the distinct characteristics of
Comparative analysis of cortical thinning/fenestration in RA and PsA
We next examined cortical thinning and fenestration, which is an alteration of the cortical surface but not a cortical break. 12 These surface changes were found in 79% of patients with RA and 93% of patients with PsA. More extended lesions covering more than 25% of the cortical bone surface were found in 37% of patients with RA and 43% of patients with PsA. The mean extent of surface changes in PsA was similar to that in RA-0.33 ± 0.03 and 0.38 ± 0.04, respectively ( fi gure 5B,C ). There was no difference between PsA and RA in the extent of MCP2 (PsA: 0.65 ± 0.08; RA: 0.60 ± 0.07) and MCP3 (PsA: 0.54 ± 0.08; RA: 0.59 ± 0.07) lesions, whereas lesions were less severe in the MCP4 joint in PsA (0.23 ± 0.14) than in RA (0.43 ± 0.06, p=0.038). Surface changes had no predilection for the radial joint compartment but were evenly distributed in patients with PsA (online supplementary fi gure 1).
Correlations of bone lesions in PsA with clinical parameters of the disease
When correlating the individual bone changes in PsA with demographic and disease-specifi c variables, we found that the infl ammation in PsA in MRI and ultrasound 15 -24 and (3) our recent experience in visualising and quantifying periarticular skeletal changes by μCT imaging, 12 we aimed to compare the periarticular bone changes in RA and PsA.
Similar to RA, PsA is associated with substantial bone erosions. 2 25 Indeed, with respect to the number of erosions in MCP joints, PsA is indistinguishable from RA. However, erosive lesions in PsA are smaller than those found in RA. The reason for this fi nding is not fully clear but may be based on an increased repair potential in PsA, which may limit the size of erosions in PsA. This concept is in fact supported by several observations: (1) the impact of joint infl ammation seems to be comparable in RA and PsA given that the number of erosions and the extent of surface changes are similar in the two diseases. (2) There is a major difference in osteophyte formation, which refl ects a bony repair response, between RA and PsA. Whereas group.bmj.com on June 24, 2015 -Published by http://ard.bmj.com/ Downloaded from osteophytes in RA are rare and usually small, they are highly prevalent, widespread and more severe in PsA. Finally, (3), erosive lesions in PsA have a profoundly different shape than their counterparts in RA: whereas RA shows U-shaped erosions PsA typically has Ω-shaped lesions, which are composed of a bottleneck and larger erosion underneath. Such lesions are predominantly located in the bone marrow and may result from bone marrow infl ammation, which is a key fi nding in MRI scans of patients with PsA. Moreover, the formation of the bottleneck may require repair responses attempting to close the cortical break by bony apposition. Tubule-shaped lesions appear as widened cortical bone channels. In fact, the high resolution of the μCT allows the visualisation of physiological cortical bone channels, which are used by blood vessels to penetrate cortical bone. Tubule-shaped lesions are typically found at these sites but are much wider. This fi nding suggests that infl ammatory tissue may use cortical bone channels for traffi cking from the synovium to the bone marrow and vice versa, leading to a widening of these channels by osteoclast-mediated bone erosions.
In summary, these data show that bone lesions in PsA are substantially different from those in RA. These data support previous notions of a different pathophysiological concept of RA and PsA. PsA shows smaller bone erosions than RA and their form and distribution is also substantially different from RA. Moreover, osteophytes, which are uncommon and small in RA, are a hallmark of PsA and often affect the entire circumference of periarticular bone, including even the dorsal and palmar regions of the joint. This fi nding may indicate a different repair potential in PsA and RA, which might be based on less profound suppression of bone formation in patients with PsA than in patients with RA. As some of the molecular factors of structural remodelling, including the control of bone formation, are currently discovered, 26 27 these clinical aspects of the differences of structural damage in PsA and RA may guide our therapeutic strategies to specifi cally interfere with structural joint remodelling in PsA and RA.
